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SUMMARY

An investigation has been conducted in the Langley 7- by 10-foot transonic

tunnel at Mach numbers from 0.40 to 1.10 on a right-triangular pyramidal-type

reentry configuration employing variable wing sweep as a means of increasing lift

and lift-drag ratio at subsonic speeds. Various means of longitudinal control

were also tested in conjunction with the range of wing-panel sweep at a Mach num-

ber of 0.40.

The results indicated that reducing the sweep of the wing panels from 80 ° to

0° at a Mach number of 0.40 increased the maximum lift-drag ratio of the basic

configuration from 2.55 to 5.65 and increased the lift-curve slope from 0.0195 to

0.0565 with little or no change in the low-lift stability level for the configura-

tion with all controls off.

The configuration having 50 ° or 40 ° sweep, however, provided the highest lift

coefficient for the maximum angle-of-attack range of the investigation. Wing-

panel leading-edge sweep angles below 30 ° indicated stalling and rapid losses in

lift coefficient occurring at moderate angles of attack.

Comparison of the longitudinal control characteristics of a high and low

horizontal tail and a trailing-edge flap control indicated the highest values

of control effectiveness for the high-positioned horizontal tail. Use of the

trailing-edge flap control provided trim conditions throughout the angle-of-

attack range.

INTRODUCTION

Configurations designea for atmospheric reentry or cruise at hypersonic

speeds with capability of low-speed landings, by virtue of their basic design

requirements, present poor performance characteristics in the landing phase of

flight. Since aerodynamic heating during reentry is of prime importance, the



configurations are designed from hypersonic aerodynamic considerations with the
result that the landing configurations have both low lift coefficients and low
lift-drag ratios.

One such configuration representing good qualities from aerodynamic heating
considerations is a highly swept right triangular pyramid with a conical ridge
line. (See ref. 1.) This type of configuration has shown satisfactory longi-
tudinal and lateral stability characteristics from hypersonic to low subsonic
speeds. (See refs. 2 to 9-) Low values of lift and maximumlift-drag ratio at
subsonic speeds indicate high landing velocities and high sinking rates maybe
expected. However, because of the body planform of these pyramid-type configura-
tions, the use of variable-sweep wing panels to improve subsonic lift and lift-
drag ratios appears promising_ since these wing panels could be well shielded
during the reentry phase of flight on the upper surface of the configuration and
deployed at subsonic speeds. The use of variable sweephas been shownto increase
greatly both maximumlift and lift-drag ratios at subsonic speeds on various
supersonic design configurations without large changes in longitudinal stability
level with changes in wing-panel sweep. (See ref. lO.)

The purpose of the present investigation was to provide information at
subsonic and transonic speeds on the use of variable wing sweepon the right-
triangular-pyramid lifting reentry configuration previously mentioned.

Various types of longitudinal controls were also tested at the low Mach
numbers in conjunction with the various wing-panel sweeppositions. These con-
trols included low- and high-position horlzontal-tail controls, deployable from
the underside of the model, and an extendible trailing-edge flap, located at the
upper edge of the model base.

SYMBOLS

All data presented herein are referenced to the wind-axis system, and all
coefficients are nondimensionalized with respect to the projected planform area
and ridge line length of the configuration with wing panels folded 80° . The
momentreference point was located 9.50 inches ahead of the model base, as pre-
sented in reference 8. Symbolsused in this paper are defined as follows:

A aspect ratio, b2/S

b configuration span whenwing panels are folded and ALE = 80°, in.

CD drag coefficient, Drag
qS

Lift
CL lift coefficient_

qS

CL(_ lift-curve slope, per deg
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Cm

Cmn

8Cm/SCL

c

i t

L/D

M

n

q

S

XjY

cI,

rh

8f

ALE

pitching-moment coefficient 3 Pitching moment
qSc

control effectiveness parameter,

(Cm at it or 5f = n) - (Cm at it or 5f = 0°)

n

longitudinal stability parameter

model ridge line, in.

horizontal-tail deflection (positive When trailing edge is down)

referenced to body upper surfaces deg

lift-drag ratio

maximum untrimmed lift-drag ratio

Mach number

integer

dynamic pressure, lb/sq in.

reference area, sq in.

wing panel coordinates

angle of attack of model upper surface, deg

drag flap (positive for outer edge moving forward) referenced to plane

of model base, deg

trailing-edge flap deflection (positive when trailing edge is down)

referenced to body upper surface, deg

wlng-panel leading-edge sweep, deg

Subscripts:

max maximum

trim trimmed condition

MODEL

The basic configuration of the present investigation was considered as the

configuration having wing panels folded 80 ° . Geometric characteristics of this
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model were nearly identical to that of reference 8 and are presented in figure i.

Photographs of the model mounted in the Langley 7- by lO-foot transonic tunnel

with the wing panels at 80 °, 40 °, and 20 ° sweep are presented in figures 2(a),

2(b)# and 2(c), respectively.

Geometry of the swept-wing panels are presented in figure l(a). Longitudinal

and vertical ordinates were measured along the wing-panel reference chord. This

panel was constructed in such a way that the leading-edge radius was the same as

the leading-edge radius of the basic model and provided @ continuous leading edge

when the wing panels are completely retracted (ALE = 80o). The airfoil section of

the wing panel is constant across the span and the ordinates are presented in the

table of figure l(a).

Geometric characteristics of the longitudinal controls are presented in fig-

ure l(b). The horizontal tails were 0.125-inch flat plates and were mounted

0.98inch (high tail) below the body upper surface and 2.58 inches (low tail)

below the body upper surface. Both tails at 0° incidence were parallel with the

body upper surface. These tails were considered as retractable-type controls

which could be deployed from the underside of the body. The trailing-edge flap

was also O.125-inch flat plate and was mounted on the upper surface. The drag

flaps were located on the model base; the deflections being referenced to the

model base. These flaps were also 0.125-inch flat plates.

TESTS AND CORRECTIONS

The present investigation was conducted in the Langley 7 o by lO-foot tran-

sonic wind tunnel at Mach numbers from 0.40 to 1.10 corresponding to a range of

average test Reynolds numbers, based on the basic-model reference chord from

5.04 × lO 6 to 12.60 × lO6. The model was sting supported and forces and moments

were measured by use of a six-component internally mounted strain-gage balance.

The model was tested through an angle-of-attack range from -1 ° to approximately

25 ° at zero sideslip angle.

Corrections to the angle of attack due to sting and balance bending under

load have been applied to the data. No corrections for base pressure have been

applied to the data, since the configuration was considered as a gliding,

unpowered vehicle. Representative base-pressure coefficient variation with angle

of attack and Mach number may be obtained from reference 8 on an identical model.

PRESENTATION OF EESB-LTS

The basic data for configurations investigated are presented in the following

figures:



Figure

The effects of wing-panel sweepon the longitudinal aerodynamic
characteristics of the basic configuration at various Machnumbers
(a) All controls off; M = 0.40 to M = 1.10 .............. 3
(b) High horizontal tail on; i t = 0°; M = 0.40 ............. 4
(c) Low horizontal tail on; i t = 0°; M = 0.40 ........ 5
(d) Trailing-edge flap on; 5f = 0°; M = 0.40 .............. 6

The effects of horizontal-tail location and deflection on the
basic configuration having various wing-panel sweeps. M = 0.40 • • • 7 to ll

The effects of the addition and a deflection of a trailing-edge
flap for the basic configuration having various wing-panel
sweeps. M = 0.40 ............ . .......... 12 to 14

The effects of the addition and deflection of drag flaps to the
configuration having 80° sweptbackwlng panels. M = 0.40 ....... 15

A comparison of the longitudinal control characteristics of the high
and low horizontal tails and trailing-edge flap for the configura-
tion having various wing-panel sweeps. M = 0.40 .......... 16 to 18

The effects of wing-panel sweepon the lift-drag ratio for the
configuration having all controls off. M = 0.40 to M = 0.95 ...... 19

Summaryof the effects of increasing Machnumberon the longitudinal
aerodynamic parameters3 CLa_ (L/D)max, and _Cm/_CL for various
wing-panel sweeps. All controls off .................. 20

The effects of wing-panel sweepon the lift-drag ratio for the
configuration having high or low horizontal tail. M = 0.40 ...... 21

The effects of wing-panel sweepon the lift-drag ratio for the
configuration having trailing-edge flap or drag flap. M = 0.40 .... 22

Variation of longitudinal control characteristics of the various
controls and range of wing-panel sweep. M = 0.40 ........... 23

Summary of the longitudinal aerodynamic parameters, CLa , (L/D)msx ,

and _Cm/SC L for various wing-panel sweeps and configurations with

and without longitudinal controls. All control deflections 0°;

M = o.4o ................................ 24

DISCUSSION

Basic longitudinal aerodynamic characteristics of the various combinations of

longitudinal controls and wing-panel sweeps are presented in figures 3 to 18 and a

summary of the lift-drag characteristics, longitudinal aerodynamic parameters, and

control characteristics is presented in figures 19 to 24. Most of the discussion

is confined to these summary figures except for pertinent observations to be noted
from the basic data.

Extending the wing panels from the 80 ° fully retracted position to 0°

leadlng-edge sweep results in large increases in lift coefficient throughout the

angle-of-attack range, the maximum CL occurring for the configuration having

ALE = 40 ° (M = 0.40). (See fig. 3(a).) A lift coefficient of approximately 1.24
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at the maximum angle of attack was realized from the configuration having the
wing panel swept back 30° to 40o; this result indicated an increase in lift coef-

ficient of 0.46 compared with the fully retracted wing-panel configuration. Lift-

coefficient changes from 0.07 for the 80 ° sweptback wing to 0.33 for the 0° sweep
configuration at m = 0° are also realized because of the camber of the variable-

sweep panel; however, rapid losses in CL were noted for wing-panel sweeps below

40 ° at moderate angles of attack. Large reductions in drag due to lift with

little effect on minimum drag due to reduction of the sweep of the wing panels
are also noted at a Mach number of 0.40.

Effects of Wing-Panel Sweep on Lift-Drag Ratio

For the configuration with all controls retracted, the variation of lift-drag

ratio with increasing lift coefficient at various subsonic Mach numbers is pre-

sented as figure 19. An increase in (L/D)max from approximately 2.55 at a CL

of 0.35 to 5.65 at a CL of 0.50 is noted in reducing the sweep of the wing

panel from 80 ° to 0° at the lowest Mach number (M = 0.40). Increasing the Mach

number from 0.40 to 0.60 results in losses in (L/D)max for the 0° sweep condi-

tion below the (L/D)max realized from the 20 ° sweep configuration. Summary of

the effects of increasing Mach number on the configurations at various wing-panel

sweeps (fig. 20) indicate rapid losses in (L/D)max for the low and moderate

sweep configurations as the Mach number is increased beyond the critical Mach

number of the relatively thick wing. The loss in (L/D)max with increasing Mach

number is accompanied by losses in CLm and losses of stability in the low-lift

range. Comparison of the low-lift stability level for the 0° and 80° sweep con-

figurations indicates an increase from approximately -0.015 (ALE = 0°; M = 0.40)

to approximately -0.04 (ALE = 80°; M = 1.10). Reducing the sweep of the wing

panels from 80 ° to 0° at low subsonic speeds therefore provides large increases

in (L/D)max and CLm with only a slight reduction in stability level relative

to the 80 ° sweep M = 1.10 configuration.

Although the highest values of lift coefficient occur for the configurations

having ALE = 40 ° (M = 0.40), the configuration having ALE = 0° would be a more

desirable configuration from the standpoint of change in stability level between

the high Mach number (M = 1.2), 80 ° sweptback configuration and the low-speed

(M = 0.40)3 wlng-panel-extended configuration. Improvements in maximum lift coef-

ficient for the low sweep ALE = 0° configuration may be possible by use of wing

leading-edge flaps or alterations in airfoil section. Data for the basic configu-
ration (ALE = 80 °) at M = 1.20 were obtained from reference 8.

Characteristics of Various Longitudinal Controls at Low Mach Number

Longitudinal aerodynamic characteristics at a Mach number of 0.40 for the

high horizontal tail, low horizontal tail_ and trailing-edge flap control for

various_ng-panel sweeps are presented in figures 4, 5, and 6, respectively.
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Control characteristics noted for the three types of longitudinal controls are

summarized in figures 16, 17, and 18 for wing-panel sweeps of 80 °, 40 °, and 0°,

respectively. The addition of the high horizontal tail to the configurations is

seen to increase the lift at the maximum angle of attack tested and to increase

the angle of attack at which loss of lift occurs for the lower wing-panel sweep

configurations. (See fig. 6.) Slight increases in stability level and more

linear variations of pitching-moment coefficient with increasing lift coefficient

are also noted from addition of the high horizontal tail for the range of wing-

panel sweep. (See fig. 18.) Addition of the low horizontal tail to the configu-

ration (figs. 5 and 18) indicated similar results with regard to linearizing the

pitching-moment variations with lift coefficient for the range of wing-panel

sweeps. However_ only slight increases in lift coefficient at the maximum angle

of attack were realized by addition of the low horizontal tail. The addition of

the trailing-edge flap control to the basic configurations had little or no

effect on the overall longitudinal aerodynamic characteristics for the various

wing-panel sweeps presented. (See figs. 6 and 18.)

The variation of L/D with CL for each of the longitudinal controls

employed for various wing-panel sweeps is presented in figures 21 and 22, the
effects of the addition of the longitudinal controls on (L/D)ma x for the range

of wing-panel sweeps being presented in figure 24. The addition of the high

horizontal tail provided slight increases in (L/D)ma x for the configuration

having the wing panel in either the low (ALE = 0° to 20 ° ) or high (ALE = 60 ° to

80 °) sweep range, reductions in (L/D)ma x being noted for the intermediate sweep

positions, whereas the addition of the low horizontal tail reduced (L/D)max for

the range of sweeps except for the fully retracted wing (ALE = 80o). The addi-

tion of the trailing-edge flap control also indicated slight reductions in

(L/D)max throughout the range of wing-panel sweep.

Longitudinal trim characteristics associated with deflection of the high and

low horizontal tails and trailing-edge flap control are presented in figures 7 to

14. Comparison of the trim characteristics for high and low horizontal tails for

various wing-panel sweeps indicate higher trim lift coefficients for a given

deflection of -10 ° on the low horizontal tails, prlmarilybecause of the larger

increase in low-lift stability level noted from addition of the hlghhorizontal

tail. (See figs. 7 to ll.) The higher horizontal tail however gives higher

values of control effectiveness Cm_ throughout the range of wing-panel sweep.

(See fig. 23.) Deflection of the trailing-edge flap control provided trim condi-
tions to the maximum lift obtained for both the 80 ° and 0° wing-panel sweep condi-

tions. (See figs. 12 and 14.) Considerably lower values of control effectiveness

are noted from deflection of the trailing-edge control as compared with either the

high or low horizontal tall for the range of wing-panel sweeps. (See fig. 23.)

Variations in (L/D)trim, CLtrim, and _trim with increasing wing-panel sweep

and for constant control deflection are presented in figure 23 for the high and

low horizontal tails and trailing-edge flap control. The large reductions in

CLtri m and _trim occurring in the moderate sweep range (ALE = 20 ° to

ALE = 60 °) for each control may be attributed to the large increases in low'lift

stability level noted for the intermediate wlng-panel sweeps. (See also fig. 24.)
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Longitudinal aerodynamic characteristics associated with deployment of a drag

flap from the base of the model as a braking device with the wing panel folded

(ALE = 80 °) are presented in figure 15; the effects of drag flap deflection on

L/D are presented in figure 22. Deflection of this device from the streamwise

position (l_n = 0°) indicates large increases in drag coefficient and slight

increases in lift coefficient while producing relatively large displacement in

nose-down pitching moment. This device apparently has little value unless

employed in combinatlonwith an additional control to provide trim conditions.

Large reductions in (L/D)max are noted from high deflection of this surface

(fig. 22) in the low and moderate lift-coefficient range_ only slight reductions

being noted for low deflection of this flap.

The variation of the longitudinal aerodynamic parameters CLm , (L/D)max ,

and 8Cm/3C L with increasing wing-panel sweep are presented in figure 24 for

various configurations tested at a Mach number of 0.40. As previously noted for

the configurations with controls off, decreasing the wing-panel sweep from 80 ° to

0 ° indicates increases in CI_z from approximately 0.0195 to 0.0565, increases in

(L/D)ma x from 2.55 to approximately 5.65, and little or no change in low-llft

longitudinal stability level between the 80 ° and 0° wing-panel sweep position.

Addition of the trailingiedge flap control at 0° deflection provided little or

no effect on 8Cm/_CLj and only a slight reduction in CL_ in the moderate

wing-panel sweep range (ALE = 50 ° to ALE = 20°). Addition of either the high or

low horizontal tails generally provided slight increases in CL_ throughout the

range of sweep. Large increases in low-lift longitudinal stability level for the

80 ° sweep condition are noted from addition of either the low or high horizontal

tail; thereby, the favorable effect of little change in longitudinal stability

level between the 0° and 80 ° sweep positions noted for the configuration without

control on or with trailing-edge flap control was reduced.

CONCLUDING REMARKS

An investigation has been conducted in the Langley 7- by 10-foot transonic

tunnel at Mach numbers from 0.40 to 1.10 on a rlght-trlangular pyramldal-type

reentry configuration employing variable wing sweep as a means of increasing lift

and lift-drag ratio at subsonic speeds. Various means of longitudinal control

were also tested in conjunction with the range of wlng-panel sweep at a Mach num-
ber of 0.40.

The results indicated that reducing the sweep of the wing panels from 80 ° to

0° at a Mach number of 0.40 increased the maximum lift-drag ratio of the basic

configuration from 2.55 to 5.65 and increased the lift-curve slope from 0.0195 to

0.0565 with little or no change in the low-lift stability level for the configu-
ration with all controls off.

The configuration having 30 ° or 40 ° sweep, however_ provided the highest lift

coefficient for the maximum angle-ofIattack range of the investigation. Wing-panel
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leading-edge sweep angles below 30° indicated stalling and rapid losses in lift

coefficient occurring at moderate angles of attack.

Comparison of the longitudinal control characteristics of a high and low

horizontal tail and a trailing-edge flap control indicated the highest values

of control effectiveness for the high-positioned horizontal tail. Use of the

trailing-edge flap control provided trim conditions throughout the angle-of-

attack range investigated.

Langley Research Center,

National Aeronautics and Space Administration_

Langley Station, Hampton, Va., September 17, 1962.
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(a) M = 0.40 and 0.60.

Figure 19.- Lift-drag ratios for various wing-panel sweeps at various

Mach numbers. All longitudinal controls off.
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Figure 19.- Continued.
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Figure 20.- Summary of the effects of increasing Mach number on the

longitudinal aerodynamic parameters CL_ , (L/D)max _ and 3Cm/SC L

for the range of _Ing-panel sweeps. All controls off.
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Figure 21.- Lift-drag ratios for various wing-panel sweeps and the

configurations having lo_ or high horizontal tails, it = 0°;

8T = Off; M = 0.40.
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Figure 2_.- Lift-drag ratios associated _-Ith the configurations having a

traillng-edge flap or a drag flap located at the model base. i t = 0°;

i,i= 0.40.
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Figure 23.- Variation of longitudinal control parameters associated with

the high and low horizontal tails and trailing-edge flap control for

various wing-panel sweeps. M = 0.40.
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Figure 24.- Summary of the longitudinal aerodynamic parameters CL_ ,

(_/D)m_x,and _Cm/_CL for each _n_-_aneZ s_ee_ _ _or v_ious

longitudinal controls. All control surfaces at zero deflection;
M = 0.40.
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